High rates of HBeAg and/or HBsAg seroconversion or clearance have been achieved in chronic hepatitis B (CHB) patients receiving pegylated interferon (pegIFN) in addition to ongoing nucleos(t)ide analogue (NUC) treatment.
Background
Great progress has been achieved in treatment of chronic hepatitis B (CHB) in recent years [1, 2] . Several nucleos(t)ide analogues (NUCs), including Entecavir, Telbivudine, and Tenofovir, are approved for suppressing HBV replication, and have been used to treat CHB for many years [3, 4] . However, long-term treatment is necessary, and therapeutic effect remains indefinite [5, 6] . Besides these direct antiviral agents, immunemodulating pegylated interferon (pegIFN) has been recommended [7, 8] . pegIFN therapy has certain advantages: finite treatment duration, less development of resistance, high rate of HBeAg seroconversion, and HBsAg clearance or seroconversion in a few patients [9, 10] . Nonetheless, pegIFN therapy disadvantages, including significant adverse effects and weak suppressive effect on HBV replication [11] [12] [13] . Therefore, combination therapies would be highly desirable. Researchers have reported achieving large reductions in HBsAg and high rates of HBeAg seroconversion through the combination of pegIFN and NUCs [13, 14] . Because of HBsAg decline or HBeAg seroconversion based on sustained virologic response (SVR) [15] , trials adding pegIFN to long-term NUC therapy in CHB patients show greater benefits [16, 17] . However, this therapeutic strategy is not suitable for everyone. Actually, the optimal schedule of pegIFN therapy is affected by several factors, including low HBV DNA and HBsAg levels, high alanine aminotransferase (ALT), and high histologic activity index [18, 19] . There is wide concern about how to identify and use indicators to predict treatment response to benefit selected patients.
Recent results have indicated that HBsAg and/or HBeAg are useful in predicting SVR, sustained HBeAg seroconversion, and/or HBsAg clearance to pegIFN alfa-2b [20] [21] [22] [23] . However, little is known about the association between early HBsAg decline and HBeAg seroconversion/HBsAg clearance in pegIFN alfa-2a-treated patients with prior NUC exposure. In addition, protective HBsAb titer plays an important role in prevention of HBV infection [24] . However, it remains largely unexplored whether high-titer HBsAb is able to protect patients with HBsAg loss from rebound.
In this retrospective study, we predicted HBeAg seroconversion and HBsAg clearance by evaluating serum HBsAg kinetics in pegIFN alfa-2a-treated patients with prior NUC exposure. We also investigated the usefulness of hepatitis B vaccine in maintaining sustained HBsAg loss.
Material and Methods

Patients
A total of 50 patients with prior NUC exposure were selected in the present study, and these patients met the following criteria: adults (18-60 years old), positive HBsAg, positive or negative HBeAg, and completion of a 48-week course of addon pegIFN alfa-2a treatment. Before pegIFN alfa-2a treatment, patients with cirrhosis, hepatocellular carcinoma (HCC), or NUC exposure less than 1 year were excluded. The study was approved by the Ethics Review Committee of the First Affiliated Hospital of Zhejiang University School of Medicine, and our experimental procedures were in agreement with the Declaration of Helsinki. Written informed consents were obtained from all participants for using their clinical records in this study.
Study design and definition
Patients with prior NUC exposure were subcutaneously administered additional pegIFN alfa-2a (Pegasys, Roche, Switzerland) at a dose of 180 μg or 135 μg once a week for 48 weeks. In consideration of previous NUC treatment effect, history of HBV p gene mutations, individual desires of patients and the economic conditions, the medication plan was adjusted as follows: ADV+pegIFN treatment (5 patients), ETV+pegIFN treatment (35 patients), and TDF+pegIFN treatment (10 patients). Based on the outcomes, patients were primarily designated as sustained virologic responders (SVR) and non-SVR. SVR was defined as undetectable HBV DNA both at the end of 48-week therapy and 6-month follow-up. Among patients with SVR, SVR-1 was defined as HBeAg seroconversion and HBsAg clearance at the end of a 48-week treatment of pegIFN alfa-2a; SVR-2 was defined as HBeAg seroconversion but no HBsAg clearance at the end of a 48-week treatment of pegIFN alfa-2a; and SVR-3 was defined as neither HBeAg seroconversion nor HBsAg clearance at the end of a 48-week treatment of pegIFN alfa-2a. During and after the 48-week combination therapy, patients who achieved HBsAg clearance received hepatitis B vaccine (Engerix B, GlaxoSmithKline Biologicals, Belgium) based on their individual desires and the economic conditions. The vaccine was given by intramuscular injection at a dose of 40 μg once every 2 weeks for 3 months to enhance HBsAb titer.
Laboratory measurements
HBV DNA was quantified by real-time PCR on a Roche LightCycler480 analyzer (Roche Diagnostics, Basel, Switzerland) with a limit of detection of 100 IU/mL. The levels of HBsAg, HBsAb, HBeAg, and HBeAb were determined by a chemiluminescent microparticle immunoassay using an Abbott I 2000 automated analyzer (Abbott Laboratories, Abbott Park, IL, USA).
Follow-up
Follow-up was conducted with all patients after pegIFN therapy. Clinical signs and symptoms of liver disease, as well as complications of liver diseases, were assessed. Laboratory measurements included ALT, aspartate aminotransferase (AST), bilirubin, albumin/globulin, alpha-fetoprotein (AFP), HBV DNA, HBsAg, and HBeAg.
Statistical analysis
Data were statistically analyzed using SPSS statistical software package version 17.0 (SPSS, Chicago, USA). Continuous variables were expressed as mean ±SD or median (range). The c 2 -test, Mann-Whitney U-test, and Student's t-test were performed, as appropriate. The accuracy of HBsAg drop for prediction was assessed using the receiver operating characteristic (ROC) curve. The association between HBsAg decline and baseline factors was assessed by using univariate analysis and binary logistic regression analysis. All tests were 2-tailed, and P<0.05 was considered as statistically significant.
Results
Characteristics of patients
This was a retrospective study consisting of 50 consecutive patients. All patients with prior NUC exposure received additional pegIFN alfa-2a therapy in a 48-week treatment phase. HBeAg-negative patients. Patients were treated with monotherapy or combination therapy due to poor virologic response or drug resistance.
Clinical efficacy of a 48-week add-on pegIFN alfa-2a treatment in CHB patients
Of the enrolled patients, 18% (9/50) patients were SVR-1, 24% (12/50) patients were SVR-2, 16% (8/50) patients were SVR-3, and 42% (21/50) patients were non-SVR at the end of the 48-week treatment. In the HBeAg-positive group, SVR-1 occurred in 4 patients, exhibiting an incidence rate of 12.1% (4/33).
SVR-2 patients accounted for 15.2% (5/33). Additionally, the incidence rates of SVR-3 and non-SVR were 24.2% (8/33) and 48.5% (16/33), respectively. In the HBeAg-negative group, SVR-1 occurred in 5 patients, exhibiting an incidence rate of 29.4% (5/17). SVR-2 patients accounted for 41.2% (7/17). Moreover, the incidence rates of SVR-3 and non-SVR were 0.0% (0/17) and 29.4% (5/17), respectively. The incidence rate of SVR-2 in the HBeAg-negative group was higher compared with the HBeAg-positive group (c 2 =4.166, P=0.041). HBsAg level is gradually decreased in SVR-1, SVR-2, and SVR-3 patients, but not in non-SVR patients Figure 1A shows the median HBsAg level over time in SVR-1, SVR-2, SVR-3, and non-SVR patients. The HBsAg level in SVR-1, SVR-2, and SVR-3 patients was consistently decreased during the treatment. In contrast, the HBsAg level in non-SVR patients showed a slight reduction. Statistics showed that the HBsAg drop of SVR-1 was greater than that of non-SVR at week 12 (P=0.028), week 24 (P=0.007), week 36 (P=0.047), and week 48 (P=0.016). Moreover, the HBsAg drop of SVR-2 was greater than that of non-SVR at week 12 (P=0.036) and week 24 (P=0.009). In addition, the HBsAg drop of SVR-3 was greater than that of non-SVR at week 24 (P=0.011). Figure 1B illustrates the kinetics of HBsAg in non-SVR individuals who had several patterns of HBsAg dynamic changes, including rebound (3 patients), flat (11 patients), rise (2 patients), and fluctuation (5 patients). Tables 2 and 3 exhibit the association between HBsAg decline and baseline factors, such as age, gender, baseline HBsAg levels, duration of NUC treatment, and HBV genotype. The result indicated that the duration of NUC treatment was an independent factor for gradual HBsAg decline during the 48-week pegIFN alfa-2a treatment. Figure 2 shows that at week 12 of pegIFN alfa-2a treatment, 13 patients showed a decline of HBsAg level ³0.41 log 10 IU/mL. Among these patients, 53.8% achieved HBsAg clearance at the end of the 48-week therapy. Moreover, 37 patients showed a decline of HBsAg level <0.41 log 10 IU/mL. Among these patients, 5.4% achieved HBsAg clearance at the end of the 48-week therapy. A chi-square test showed that the proportion difference was significant (c 2 =13.584, P=0.000228). At week 24 of treatment, 10 patients showed a decline in HBsAg level ³1.94 log 10 IU/mL. Among these patients, 80.0% achieved HBsAg clearance at the end of the 48-week therapy. In addition, 40 patients showed a decline of HBsAg level <1.94 log 10 IU/mL. Among these patients, 2.5% achieved HBsAg clearance at the end of the 48-week therapy. Statistics revealed that there was a significant difference (c 2
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=27.515, P=1.5586E-7).
At week 12, the cutoff value of 0.41 log 10 IU/mL in HBsAg decline had a positive predictive value (PPV) of 58.3%, with a 95% confidence interval (CI) of 28.6-83.5%, and a negative predictive value (NPV) of 94.6% (95% CI, 80.5-99.1%). At week 24, the cutoff value of 1.94 log 10 IU/mL in HBsAg decline had a PPV of 80.0% (95% CI, 44.2-96.5%) and an NPV of 97.5% (95% CI, 85.3-99.7%). We then assessed the accuracy of the cutoff values of 0.41 and 1.94 log 10 IU/mL in HBsAg decline at week 12 and 24 of add-on pegIFN alfa-2a therapy to predict HBsAg clearance using the ROC. The area under the curve (AUC) was 0.870 at week 12 and 0.965 at week 24. 
=11.788, P=0.001).
At week 12, the cutoff value of 0.47 log 10 IU/mL in HBsAg decline had a PPV of 83.3% (95% CI, 36.5-99.1%) and an NPV of 85.2% (95% CI, 65.4-95.1%). At week 24, the cutoff value of 1.29 log 10 IU/mL in HBsAg decline had a PPV of 85.7% (95% CI, 42.0-99.2%) and an NPV of 88.5% (95% CI, 68.7-97.0%). We then assessed the accuracy of the cutoff values of 0.47 and 1.29 log 10 IU/mL in HBsAg decline at week 12 and 24 of additional pegIFN alfa-2a therapy to predict HBeAg seroconversion using the ROC. The AUC was 0.787 at week 12 and 0.782 at week 24.
Serum kinetics of virologic markers during follow-up study
We suggested that patients with HBsAg clearance after completion of pegIFN treatment withdrawn from NUC treatment. However, patients without SVR, with or without HBeAg seroconversion, were suggested to receive continuous NUC treatment. Nine SVR-1 patients were followed up for about 1.0 year (range, 0.5-2.5 years) after additional pegIFN alfa-2a treatment. All of them maintained SVR and HBeAg seroconversion. Only 2 of them had slightly elevated HBsAg and became HBsAgpositive (from 0.02 IU/mL to 1.16 IU/mL, and from 0.02 IU/mL to 5.9 IU/mL, respectively). Moreover, 12 SVR-2 patients were followed up for about 2 years (range, 0.5-4 years). All of them maintained SVR, and, notably, 4 additional patients achieved HBsAg loss. Eight SVR-3 patients were followed up for about 2.5 years (range, 1.0-4 years). All of them maintained SVR, and HBeAg seroconversion occurred in 6 patients, while no patients achieved HBsAg loss. In addition, 21 non-SVR patients were followed up for about 2.5 years (range, 0.5-4 years), and undetectable HBV DNA (<100 IU/mL) was found in 15 patients. However, only 4 patients had HBeAg seroconversion, and no HBsAg loss occurred in these patients. Figure 4 shows the kinetics of median HBsAg and HBeAg concentrations in SVR-1, SVR-2, SVR-3, and non-SVR patients.
Discussion
It has been reported that HBsAg decline is more obvious in HBeAg-positive patients with continuous viral load reductions, as well as in HBeAg-negative patients with SVR [25, 26] . Our study found that significant HBsAg decline was observed in SVR-1, SVR-2, and SVR-3 patients, but not in non-SVR patients. Further exploration revealed that the duration of NUC treatment, but not age, gender, baseline HBsAg levels, or HBV genotype, was an independent factor for gradual HBsAg decline during the 48-week treatment of add-on pegIFN alfa-2a. Actually, SVR-1, SVR-2 and SVR-3 patients had long-term NUC exposure before the pegIFN alfa-2a treatment, and the median duration of NUC treatment of these patients was about 5 years.
Based on the research on predictive value of HBsAg loss in CHB patients with long-term NUC treatment, Roeland has found that HBeAg-positive patients with SVR have a sharp HBsAg decline -the HBsAg decline is 1.91 log 10 IU/mL in patients who will lose HBeAg, and the HBsAg decline of 1 log 10 IU/mL from baseline is associated with HBsAg clearance [27] . Rami has reported that early HBsAg drop of 0.5 and 1 log 10 IU/mL at weeks 12 and 24 of pegIFN therapy, respectively, has high predictive values of SVR [28] . Moreover, HBsAg and HBeAg levels are strong predictors of sustained HBeAg seroconversion in HBeAg-positive patients [22] . Our study focused on HBsAg decline as a predictor of HBeAg seroconversion and HBsAg clearance to add-on pegIFN alfa-2a therapy in NUCexperienced patients. Our results show that the cutoff value of 1.94 log 10 IU/mL in HBsAg decline at week 24 had a higher predictive value of HBsAg clearance (AUC=0.965, PPV=80.0%, and NPV=97.5%). Furthermore, through investigating the association between early HBsAg drop and HBeAg seroconversion in 33 HBeAg-positive patients, we found that the HBsAg drop was also a strong predictor of HBeAg seroconversion at the end of the 48-week treatment. However, HBeAg drop did not predict HBsAg clearance in HBeAg-positive patients. In addition to the predictive values of HBsAg kinetics, we also quantitatively analyzed HBsAg and HBeAg at week 12 and week 24 to predict HBeAg seroconversion and HBsAg clearance. However, no predictive values were found.
It has been reported that hepatitis B vaccine is able to enhance HBsAb titer to achieve efficient protection in healthy individuals, which is not available to CHB patients [29, 30] . However, it is unclear whether hepatitis B vaccine is useful for CHB patients who have achieved HBsAg clearance. In this study, of 13 patients who achieved HBsAg loss during and after pegIFN alfa-2a 
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treatment, 6 received hepatitis B vaccine, and the median HBsAb titer reached 664.5 mIU/mL (range, 68.3-1000.0 mIU/mL) after the 3-month course of vaccine injection. All of them remained high-titer HBsAb and maintained sustained HBsAg loss when the measurement was performed every 6 months. Seven patients did not receive hepatitis B vaccine when their HBsAg loss first appeared. Accompanying with the first appearance of HBsAg loss, the median HBsAb titer became positive but lower than 20.4 mIU/mL (range, 5.7-27.7 mIU/mL). From that moment, HBsAb titer was measured every 6 months, and it gradually declined. Notably, 2 of them became HBsAg-positive. Therefore, high-titer HBsAb induced by hepatitis B vaccine in patients who achieved HBsAg loss might be effective in maintaining sustained HBsAg loss. Besides, failure to achieve SVR, HBeAg seroconversion, or HBsAg clearance mostly resulted from HBV mutations or slight decrease in HBeAg and HBsAg during pegIFN treatment. Researchers have reported that, during a median 8.8-year follow-up, pegIFN-treated and HBeAgseroconverted patients show decreased necroinflammatory activity, less progression of fibrosis, and low incidence of HCC [31] .
Patients who receive pegIFN therapy have long-term benefits, including increased HBsAg seroclearance and reduced cirrhosis and/or HCC [32, 33] . Our study also revealed that patients who achieved HBeAg seroconversion and/or HBsAg clearance had better prognosis. However, a previous investigation has shown that some individuals who are chronically infected with HBV eventually lose HBsAg, but HCC occurs in a few patients [34] . Therefore, longer follow-up is necessary. Although we found that HBeAg-negative patients displayed better outcomes during and after pegIFN alfa-2a treatment, we did not find a significant difference in the incidence rate of SVR-1 between HBeAg-positive and HBeAg-negative patients. We speculate that this could be attributed to the long-term NUC exposure of HBeAg-positive patients, some of who had low-level but positive HBeAg and HBsAg.
Collectively, early HBsAg changes showed high predictive values in the NUC-experienced patients who would obtain most benefits from add-on pegIFN alfa-2a treatment. Moreover, high-titer HBsAb induced by hepatitis B vaccine was helpful in maintaining sustained HBsAg clearance.
Conclusions
Our results indicated that early reduction of serum HBsAg is a useful tool to predict treatment response of patients. To the best of our knowledge, this is the first published study on the usefulness of hepatitis B vaccine in protecting patients with HBsAg loss from rebound.
